Background: We aimed to explore the clinical benefit of adjuvant chemotherapy (AC) with fluoropyrimidine in patients with ypT0-3N0 rectal cancer after preoperative chemoradiation therapy (CRT) followed by total mesorectal excision (TME).
Background
Total mesorectal excision (TME) has substantially contributed to improvement in loco-regional recurrence rates and survival for patients with rectal cancer [1] . In addition, benefits in local disease control, toxicity, and sphincter preservation have been achieved by preoperative chemoradiation therapy (CRT), which is the currently standard management for locally advanced rectal cancer (LARC) [2] . Therefore, the focus on improving outcomes has changed from lowering the local recurrence rate to reducing distant recurrence, which still occurs in approximately one-third of patients treated surgically with curative intent [3] . In colon cancer, adjuvant single agent 5-fluorouracil (5-FU) chemotherapy has led to an increase in overall survival (OS), of approximately 10% for patients with American Joint Committee on Cancer (AJCC) stage III disease and a further 5% by adding oxaliplatin [4] [5] [6] [7] . Based on this background, many researchers have tried to extrapolate the benefits of adjuvant chemotherapy (AC) for colon cancer to the treatment of rectal cancer. Even if a surgical specimen obtained from radical resection reveals a complete response without any viable tumor cells, the patient is expected to complete 4-6 months of AC based on their clinical stage, which was estimated before preoperative treatment [8, 9] .
However, the efficacy of AC in patients with LARC after preoperative CRT and TME has not been documented to the same extent, and the clinical benefit remains controversial [10] . In this context, international and national treatment guidelines differ in their recommendations regarding to AC in LARC [11, 12] . The initial results of the EORTC 22921 trial indicated that only patients with a good prognosis (ypT0-2) benefited from AC [13] . However, the final results indicated that adjuvant 5-FU-based chemotherapy after preoperative radiotherapy with or without chemotherapy did not improve disease-free survival (DFS) and OS in all patients, including patients with a good prognosis (ypT0-2) [14] . In contrast, patients with a high risk for recurrence (yp stage III) benefited from adding oxaliplatin to 5-FU as AC after preoperative 5-FU-based CRT and TME [15] . With these heterogeneous results about the role of AC, we aimed to investigate the value of AC with fluoropyrimidine mono-therapy after preoperative CRT and TME in ypT0-3N0 patients, who are considered to have a good prognosis.
Methods

Patients and pretreatment evaluation
Patients who were diagnosed with LARC, were treated with preoperative CRT and TME, and had ypT0-3N0M0 as the final pathologic diagnosis at Yonsei Cancer Center between January 2001 and December 2013 were included. Patients who underwent trans-anal excision and received AC with oxaliplatin were excluded.
Pathologic diagnosis by biopsy was performed for all patients before treatment. To determine the clinical stage, the pretreatment evaluation involved a physical examination including a digital rectal examination; carcinoembryonic antigen (CEA); abdomino-pelvic computed tomography (CT); chest CT; rectal magnetic resonance imaging; and positron emission tomography (PET)-CT, when there was a suspicion of distant metastasis. Clinical and pathologic staging were determined according to the AJCC TNM staging system, 7th edition [16] .
Treatment and follow-up
Preoperative radiation therapy involved a total of 45-50. 4 Gray radiation delivered in 25-28 fractions to the tumor and drained lymph node. Preoperative chemotherapy with concurrent radiotherapy included 5-FU administered as a 400-mg/m 2 bolus and leucovorin administered as a 20-mg/m 2 bolus during the first and last weeks of radiotherapy or 850-mg/m 2 capecitabine twice a day during the entire period of radiotherapy. Surgical resection with TME was performed 4-8 weeks after completion of the CRT.
AC consisted of 5-FU administered as a 400-mg/m 2 bolus and leucovorin administered as a 20-mg/m 2 bolus on days 1-5 every 28 days for 4 cycles or 1250-mg/m 2 capecitabine twice a day on days 1-14 every 21 days for 5 cycles. The chemotherapeutic agents were the same as those used in the preoperative CRT.
Patients were followed at 3-month intervals during the first 2 years after surgery, at 6-month intervals during the next 3 years, and annually thereafter. At each visit during the regular follow-ups, a serum CEA assay was performed. Abdomino-pelvic CT was performed at 6-month intervals, chest CT was performed at 12-month intervals, and both were performed annually after 5 years. If recurrence was suspected, the follow-up examinations included a clinical evaluation, physical examination, serum CEA assay, chest CT, abdomino-pelvic CT, colonoscopy, and PET, as appropriate. Recurrence was determined using clinical and radiological examinations or histological assessment.
Statistical analysis
To evaluate the benefit of AC for patients with LARC treated with preoperative CRT and TME, we compared survival between the patients with AC (adjuvant group) and those without AC (observation group). To reduce the effect of treatment-selection bias and simulate the effects of randomization, propensity score matching was used. Propensity scores were estimated using a logistic regression model based on age, sex, tumor location, histologic differentiation, pretreatment CEA level, surgical procedure, pathologic stage, number of retrieved lymph nodes, lymphovascular or perineural invasion, and margin involvement. One-to-one matching without replacement was performed using a 0.2 caliper width, and the resulting score-matched pairs were used in subsequent analyses, as indicated.
The statistical significance of differences was assessed using the Chi-square test for categorical variables and Wilcoxon rank sum test for continuous variables unless specifically mentioned. OS was defined as the time from the date of surgery to the date of death from any cause. DFS was defined as the time from the date of surgery to the detection of recurrent disease or death, whichever occurred first. Survival curves were generated using the Kaplan-Meier method, and survival was compared using Cox regression analysis. To identify the subpopulations that benefited from AC, subgroup analysis was performed by stratifying patients according to patient demographics and tumor characteristics in the entire sample as well as the propensity score-matched cohort. All analyses were conducted with the statistical program R (R Foundation for Statistical Computing, Vienna, Austria). All Pvalues are two-sided, and P < 0.05 was used to denote statistical significance.
Results
Patient characteristics
Of the 365 patients with LARC (radiological T3-4 or N+) who underwent neoadjuvant CRT with 5-FU or capecitabine followed by TME, 5 patients who underwent a trans-anal excision and 21 patients who sequentially received AC with oxaliplatin were excluded ( Fig. 1) . Therefore, the analyses included 339 patients with ypT0-3N0 primary adenocarcinoma of the rectum.
The baseline characteristics of all patients are presented in Table 1 . The median number of harvested lymph nodes was 12 (interquartile range [IQR], 9-17), and total pathologic complete remission (ypT0N0) was achieved in 90 patients (26.5%). Of the 399 patients, 87 patients (25.7%) did not receive AC. Compared with patients who did not receive AC, patients who received AC were younger, had a more advanced pathologic stage, and experienced a poor response to preoperative CRT. Other clinicopathologic characteristics were similar between the adjuvant and observation groups.
Oncologic outcomes
The mean follow-up duration was 70.7 months (95% confidence interval, 65.9-75.5 months), and the duration was similar between the two groups (P = 0.650). Local recurrence and systemic recurrence occurred in 23 patients (6.8%) and 57 patients (16.8%), respectively. The lung was the most common site of distant metastasis (37 patients), followed by the liver (16 patients) and distant lymph nodes (7 patients). A total of 40 patients died, and 28 deaths occurred due to cancer progression. No treatment-related mortality was reported. In the multivariate Cox regression analysis, old age (>70 years old), abdomino-perineal resection, advanced pathologic stage (ypT stage), lymphovascular or perineural invasion, and a positive resection margin were associated with inferior DFS. In addition, patients who were older, had an advanced pathologic stage, and had a positive resection margin showed poor OS in the multivariate analysis (Table 2 ). However, there were no significant differences in DFS and OS based on AC (Fig. 2) . The 5-year DFS were 78.0% in the observation group and 76.8% in the adjuvant group (hazard ratio [HR], 0.921; 95% confidence interval [CI], 0.562-1.507; P = 0.742). AC did not confer a benefit in terms of both local recurrence (HR, 1.583; 95% CI, 0.538-4.652; P = 0.404), and systemic recurrence (HR, 1.070; 95% CI, 0.585-1.956; P = 0.825). The 5-year OS were 91.6% in the observation group and 88.1% in the adjuvant group (HR, 0.835; 95% CI, 0.423-1.648; P = 0.603).
Propensity score-matched analysis
We conducted the propensity score-matched analysis because the patients treated with AC were younger, had a more advanced pathologic stage, and experienced a poor response to preoperative CRT and these parameters were independent poor prognostic factors in the Cox regression analysis. The propensity score matching resulted in 87 matched pairs, for a total of 174 patients. The patient characteristics were nearly balanced between the two groups ( Table 1 ). In the propensity score-matched cohort, there were also no significant differences in DFS and OS based on AC (Fig. 3) . The 5-year DFS were 78.0% in the observation group and 73.7% in the adjuvant group (HR, 1.129; 95% CI, 0.626-2.035; P = 0.688). In addition, both local recurrence (HR, 2.206; 95% CI, 0.679- Fig. 1 Flowchart of the study population 7.165; P = 0.188) and systemic recurrence (HR, 1.089; 95% CI, 0.526-2.258; P = 0.818) did not differ between the two groups. The 5-year OS were 91.6% in the observation group and 83.8% in the adjuvant group (HR, 1.200; 95% CI, 0.539-2.669; P = 0.655). In the propensity score-matched cohort, advanced pathologic stage and positive resection margin were associated with both inferior DFS and OS (Table 3) . 
Subgroup analysis of the benefit of adjuvant chemotherapy
In general, AC was not associated with improved DFS and OS in the entire sample (Additional file 1: Table S1 ) or propensity score-matched patient cohort (Additional file 1: Table S2 ). However, AC was associated with poor DFS and OS among patients older than 70 years in both study subsets.
Discussion
In this study, we evaluated the outcomes of LARC for patients with ypT0-3N0, who are considered to have a relatively good prognosis, after preoperative CRT followed by TME, based on receipt of AC. AC did not improve survival in these patients. Because the analysis was conducted using data from a prospectively collected tumor registry, the adjuvant group was younger, had a more advanced pathologic stage, and experienced a poor response to preoperative CRT, compared with the observation group. Even after propensity score matching for these reasons, AC was also not associated with improved outcomes in terms of DFS and OS in the propensity score-matched cohort. We were also not able to identify any specific subpopulations that benefited from AC. These results were comparable with those from previous studies regarding the roles of AC in LARC after preoperative CRT or radiotherapy [17] [18] [19] [20] . Before the era of preoperative CRT and TME, AC was associated with improved outcomes in rectal cancer [10, 21] . As loco-regional recurrence rates have recently decreased after the introduction of TME, reduction in distant metastases has become more important in rectal cancer treatment, similar to colon cancer. In addition, substantial improvements have been achieved recently HR hazard ratio, CI confidence interval, AV anal verge, CEA carcinoembryonic antigen, LAR lower anterior resection, APR abdomino-perineal resection, LN lymph node, LVI lymphovascular invasion, PNI perineural invasion in the management of rectal cancer after the introduction of preoperative CRT and TME. However, the longterm results of the EORTC 22921 [14] , CHRONICLE [22] , I-CNR-RT [23] , PROCTOR/SCRIPT [3] , and QUASAR trials [24] are controversial regarding the benefits of AC in patients with LARC after preoperative CRT or radiotherapy followed by surgery. Although the rationale for AC after preoperative CRT was largely extrapolated from the results obtained with colon cancer, the clinical benefit of AC in rectal cancer needs to be validated, considering the different treatment modalities, recurrence patterns, and tumor biology [25, 26] .
No conclusive evidence favoring AC in LARC after preoperative CRT and TME currently exists [27] . For colon cancer, the benefit of AC has been clearly demonstrated for patients with stage III disease in multiple clinical trials and meta-analyses [4] [5] [6] [7] . However, the benefit of AC in stage II colon cancers is less certain [28, 29] . For patients with stage II T4 colon cancer, AC was associated with improved survival [30] . Therefore, we evaluated whether AC is needed in patients with LARC with ypT0-3N0 after preoperative CRT as well as the subgroup(s) that benefit from AC. However, AC did not appear to benefit any specific subgroup.
There are several possible reasons for a lack of clinical benefit from AC in patients with LARC and ypT0-3N0 after preoperative CRT and TME. First, AC is effective for patients who have a poor prognosis, such as those with stage III or T4 [30] . According to the ADORE trial, which examined the role of oxaliplatin, fluorouracil, and leucovorin as AC for LARC, survival was improved with AC in patients with postoperative pathological stage III disease but not in patients with stage II disease [15] . Second, there are embryological, anatomical, and physiological differences between colon and rectal cancers. Miscosatellite instability and BRAF mutation are important prognostic factors but are detected less often in rectal cancer than in colon cancer. A meta-analysis by Breugom et al. suggested that AC might benefit patients with a tumor located 10-15 cm from the anal verge [31] , and theoretically, a tumor arising above the peritoneal reflection is more likely to undergo distant spread [32] . Last, the lack of benefit with AC might be attributed to poor compliance. Only 42.9% of participants in the EORTC 22921 trial [13] , 43% of participants in the CHRONICLE trial [22] , and 55% of the participants who received 3-6 courses of AC in the I-CNR-RT trial [23] benefited from AC.
The researchers of the QUASAR trial identified the patient subgroups that were more likely to benefit from AC: <70 years old, receipt of chemotherapy every 4 weeks, and <6 weeks from surgery to AC [24] . However, we did not identify a subgroup that benefited from AC in the current study, although old age was associated with worse prognosis with AC. Therefore, routine use of AC should be evaluated carefully, considering not only the patient characteristics, such as age and comorbidities, but also tumor characteristics, such as distance from the anal verge and the optimal chemotherapy regimen and duration.
This study has certain limitations. First, the analysis was based on data that were prospectively collected in a tumor registry. Therefore, the baseline characteristics differed, although we corrected this using propensity score-matched analysis. In addition, immortal time bias, caused by a period of time during which events cannot occur [33] , could act as a confounding factor. However, we found no definite differences in early recurrence or death as well as DFS and OS at different cut-off times after surgery between the adjuvant and observation groups in this study (Additional file 1: Tables S3 and S4) . Also, this bias has clearly not affected the conclusion, because immortal time bias would tend to favor the adjuvant chemotherapy arm if present. Second, this study was conducted with a relatively small sample size, thus underpowered to ascertain the effect of adjuvant chemotherapy. However, the effect size found in the cohort of propensity-matched patients was 1.129 (HF for DFS), which is the opposite direction of the benefit from adjuvant chemotherapy as well as seems to be clinically irrelevant. Furthermore, statistical power for detecting such HR is less than 10%, which means that a huge sample size is needed to show statistical significance. Third, the results were derived from a single tertiary center, potentially lacking the external validation.
Conclusions
In summary, LARC patients with ypT0-3N0 did not benefit from AC after preoperative CRT and TME, which supports the findings of previous studies investigating the role of AC after preoperative CRT and TME and the conclusions of meta-analyses. However, there are conflicting results about the use of AC from many studies with diverse patient populations. Based on this context, a more intensive investigation is needed to evaluate the potential advantages and drawbacks of AC in the era of preoperative CRT and TME. Moreover, future studies should focus on identifying patient subpopulations that benefit from AC.
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